Abstract : This study was carried out to investigate the effects of dietary supplementation of quercetin (Kocetin TM , QR)
I. Introduction
The quality of meat and meat products is an imperative necessity in the meat industry. Especially, oxidative processes are a major problem for the meat industry. Oxidation causes to the deterioration of lipids and proteins that work on the degradation in flavor, texture and color of fresh meat (Decker et al., 1995) . Therefore, improved oxidative stability is required to maintaining the quality of meat. And the application of antioxidants is a desirable approach to protect opposite to oxidative processes in meat (Xiong et al., 1993) .
Currently, the interest in natural antioxidants has increased because they are considered to be safer than the synthetic antioxidants, and have greater application potential for consumer's acceptability, stability and shelf-life of meat products Naveena et al., 2008) . Zhang et al. (2010) reported that vitamins, fatty acids and polyphenols have been studied as natural antioxidants. Flavonoids are naturally existing polyphenolic metabolites found in most plant and plant-derived foodstuffs. They have shown multiple actions: biological, pharmacological, medicinal and various effects as typical ingredients of the human diet (Hertog et al., 1993; Middleton et al., 2000) .
Quercetin is one of the catechol-type flavonoids that have high antioxidant ability to inhibit free radical processes in cells. Previous studies revealed the following relevant mechanisms, by the scavenging of reactive oxygen, lipid peroxidation, either by reaction with peroxyl or lipid peroxyl radicals and the formation of hydroxide, probably by chelating iron ions (Middleton et al., 2000; Mira et al., 2002; Zhu et al., 2000) .
Previously, oxidative stability of chicken meat during storage by the effect of dietary quercetin was reported (Jang et al., 2010) . Cho et al. (2010) reported the effectiveness of dietary quercetin on meat quality of goat. Kang et al. (2011) also studied the effect of dietary quercetin of Hanwoo. Others have also reported using rats and pigs (Ameho et al., 2008; de Boer et al., 2005; Luehring et al., 2011) .
The aim of this study was to investigate the effect of dietary supplementation of Kocetin TM , containing quercetin, on quality of beef loin meat during storage.
II. Materials and methods
Sample preparation
A total of 11 beef cattle (male, Holstein-Friesian) were obtained from experimental farm (CJ Co., Ltd., Seoul Korea). Beef cattle were divided into 3 groups; 21 ppm of dietary Kocetin TM (QR) (n = 4), 42 ppm of dietary QR (n = 3), and non-treated control (n = 4).
QR was obtained from Synergen Co. (Incheon, Korea) which consisted of 10% of quercetin and 90% of CaCO 3 .
The QR was mixed with feed for the designated concentrations and fed for 75 days. The prepared feed was provided at 10 kg/day to beef cattle. After 24 h postmortem, loin of the beef cattle was obtained from a commercial abattoir and transported to laboratory using a cold container. All samples were stored in a refrigerator in a 4℃ for 7 days and quality characteristics were analyzed.
Proximate analysis
Approximately 200 g of the samples were used to measure collagen, fat, moisture, and protein contents using a FoodScan Lab Meat Analyzer (FoodScan Lab, Type 78800, FOSS, Hilleroed, Denmark).
Physical characteristics

1) pH
The samples (1 g) were homogenized (T25b, Ika
Works (Asia)., Sdn, Bhd, Malaysia) with distilled water (9 ml) at 16,000 rpm for 20 s. pH of the loin meat was measured by pH meter (SevenGo, Mettler-Toledo Inti, Inc, Schwerzenbach, Switzerland).
2) Water holding capacity (WHC)
The sample (1 g) of minced loin meat was placed into conical tube and centrifuged at 3,000 rpm for 10 min. The released water was weighed and calculated as a percentage of the initial moisture content of meat.
3) Color measurement
Color measurements of the surface of the loin were performed using a spectrophotometer CM 3500d (Konica (Bourne, 1978) . Each measurement was replicated at three times.
Antioxidative activity
Loin meats (3 g) were homogenized (T25b, Ika Works (Asia)) in 15 ml of distilled water at 16,000 rpm for 20 s. The samples were centrifuged (Union 32R, Hanil
Co., Ltd., Korea) at 3,000 rpm for 10 min and filtered with a filter paper (Whatman No. 1, Whatman Ltd., Maidstone, England). Chloroform (10 ml) was added to remove fat. To the mixture, the samples were shaken 2-3 times. The samples were divided into lipids and the aqueous supernatant by centrifuged at 3,000 rpm for 10 min and then the supernatant used for the analysis of the total phenolic contents and DPPH radical scavenging activity.
Total phenolic contents were measured by the Folin-Ciocalteu's method (Subramanian et al., 1965 ).
The prepared sample solution (0.1 ml) was added to the Folin-Ciocalteu reagent (0.2 ml) and kept to reaction for 1 min. Sodium carbonate (5%, 3 ml) was added and voltexed. The mixture was kept to reaction in incubator for 2 h at 23℃. The absorbance was measured with a spectrophotometer (DU 530, Beckman
Instruments Inc., Fullerton, CA, USA) at 765 nm.
Phenolic contents were expressed as gallic acid equivalents.
The DPPH radical scavenging effect was estimated according to the method of Blois (1958) with slight modification. The samples (0.2 ml) were added to distilled water (0.8 ml) and 0.2 mM methanolic DPPH solution (1 ml). For the control, distilled water (1 ml) was added to 0.2 mM methanolic DPPH solution (1 ml). The mixture was and left to stand for 30 min at room temperature. × 100.
Lipid oxidation
2-Thiobarbituric acid reactive substances (TBARS)
values of the loin meat were measured during storage and done according to method by Jung et al. (2011) .
Each sample (3 g) was added to distilled water (9 ml) and BHT (7.2% in ethanol, 50 µL) in centrifuge tube (50 ml). The samples were homogenized at 16,000 rpm for 20 s. The homogenate (1 ml) was transferred to a centrifuge tube (15 ml) and added to thiobarburic acid (TBA)/trichloroacetic acid (TCA) solution (20 mM TBA in 15% TCA, 2 ml). Tubes were heated in a water bath at 90℃ for 30 min, cooled in cold water and then centrifuged at 3,000 rpm for 10 min. Absorbance was measured at 532 nm with a spectrophotometer (Beckman Instrument Inc.). TBARS value was reported as mg malondialdehyde per kg meat.
Volatile basic nitrogen (VBN)
Measurement of VBN was done according to Conway (1950) . Samples (3 g) were homogenized at 16,000 rpm for 10 min with distilled water (3 ml) and TCA (10%, 6 ml). The samples were centrifuged at 3,000 rpm for 10 min and filtered with a filter paper (Whatman No. 1). Homogenization was added to TCA (5%, 18 ml). The mixture was centrifuged at 3,000 rpm for 10 min, and then made up to a final volume 30 ml with TCA (5%).
0.01 N boric acid was used as a VBN absorber and placed in the inner section of a Conway micro- diffusion cell (Sibata Ltd., Tokyo, Japan). The sample solution (1 ml) was placed into the outer section. TCA (5%) was used as control. K 2 CO 3 solution (1 ml) was placed into the outer section on the opposite side of the sample solution and the lid was closed immediately. The grilled meat samples were scored on a 9-point hedonic scale by sensory panelists to assess meat quality attributes. Sensory paramerters evaluated were meat color, odor, taste, tenderness, juiciness, flavor and overall acceptance (extremely dislike = 1 to extremely like = 9).
Statistical analysis
Statistical analysis was performed by one-way analysis of variance (ANOVA). When significant differences were detected, the differences among the mean values were identified by Duncan's multiple range tests using SAS software (2004) at a confidence level of P < 0.05.
Mean values and standard errors of the mean are reported.
III. Results and discussion
Proximate composition
The proximate composition of the effects of dietary QR of beef is shown in Table 1 . The results of collagen, moisture, fat, and protein was no significant difference.
These results mean that dietary QR treatments did not affect the proximate composition of loin from beef cattle. Standard error of the means (n = 11).
Physical characteristics
x, y Different letters within the same row differ significantly (p < 0.05). positive correlation with water holding capacity during the conversion of muscle to meat (Bee et al., 2007) .
The transition of meat pH close to isoelectric point decreases WHC (Swatland, 2008) . The result of higher pH in beef loin fed 42 ppm suggests that there might have some positive effects on quality even though there was no evidence with real meat system. Table 3 shows the texture profile analysis of the beef loin fed QR. Hardness increased slightly at QR 21 ppm, but there was no significant difference. A similar trend was observed for gumminess and chewiness.
However, cohesiveness was significantly increased in the loin of beef cattle fed QR a 42 ppm level, when compared with control. Jung et al. (2011) indicated that high springiness is one of the distinctive meat quality traits of Koran native chicken when comparison with broilers. In this study, all TPA results have no difference, except for cohesiveness (Table 3 ). This means, that the consumption of feeding quercetin has a no important influence to texture of the beef loin.
Antioxidant activity and volatile basic nitrogen content
Phenolic and flavonoid compounds in quercetin were known by several studies (Hertog et al., 1993; Hollman and Arts, 2000; Pratt and Watts, 1964) . Total phenolic contents for all treatments were no significant difference (Table 4 ). The antioxidant properties of quercetin have been associated with phenolic compound that break free radical chain reactions by electron donation and chelating metal ion (Bekhik et al., 2003) .
The radical scavenging activity has been measured to the antioxidant activity of the beef loin fed QR by the DPPH method. DPPH is an extensively used method for evaluating the antioxidative activity. However, in this case, DPPH radical scavenging activities did not show any different by fed QR. These may be related to rapid metabolism of quercetin (de Boer et al., 2005; van der Woude et al., 2004; Cho et al., 2010) . Table 5 shows the effect of TBARS value of the loin Standard error of the means (n = 11). . In contrast, other studies showed contradictory results (Ameho et al., 2008; Jang et al., 2010; Luehring et al., 2011) . It was considered that experiments were about supplementation of quercetin to rats, chickens and pigs that appeared effective to antioxidant ability. This difference results may be come from difference in structure of the digestive system because of the unique role of the rumen volatile fatty acid (VFA) in ruminants. Several researches discussed that high antioxidative capacity of quercetin was opposed to hydroxyl and peroxyl radicals and superoxide anions (Afanasev et al., 1989; Robak and Gryglewski, 1988) .
Total volatile basic nitrogen substances (VBN) concentration has been regarded as a measurement of freshness and spoilage (Kruk et al., 2011) . The VBN value was significantly increased during storage time (Table 5) . Increase of VBN amount in meat can be reason of either microorganisms or enzymatic degradation of protein (Field and Chang, 1969; Jo et al., 2004) . Jang et al. (2010) reported that quercetin as dietary supplementation for chicken has highly effected on prevention of protein decomposition. Table 6 shows the sensory evaluation of the beef loin fed QR that was performed the parameters of color, odor, taste, tenderness, juiciness, flavor and The score was evaluated with 10 semi-trained panelists (1, extremely dislike; 5, neither dislike nor like; 9, extremely like).
Sensory evaluation
1
Standard error of means (n=110).
a-c Different letters within the same column differ significantly (p<0.05).
overall acceptance. According to the sensory panel, there were no significantly different results in color and odor. QR 21 ppm was significantly higher than other treatments in tenderness. Overall acceptance showed higher in control sample. Previous studies explain that intake of dietary quercetin was not stored in muscle directly (de Boer et al., 2005; Graf et al., 2006) . In this regard, quercetin does not function directly in meat, while it is metabolized in other organs or digestive tract after consumption, and these are perceived having an influence of sensory of meat . On the other hand, QR composed of only 10% of quercetin, which may be difficult to reveal function. Therefore, we need more researches to improve our understanding of the mechanism this natural antioxidant.
IV. Conclusion
Dietary QR does not affect the quality of the loin of beef cattle except for pH. It might be related with the unique digestive structure of rumen and restricted amount of feeding the active compound (10% of quercetin in QR). Further studies are needed on the effect of dietary quercetin on the quality of beef.
